Background: Despite their high prevalence, sleep disorders often remain unrecognized and untreated because of barriers to assessment and management. The aims of the present study were to examine associations of complaints of sleep disturbances with cardiovascular disease, related risk factors, and inflammation in the community and to determine the contribution of sleep disturbances to self-perceived physical health.
Introduction
Impairment of sleep, such as difficulties falling or staying asleep or sleeping too much belong to the most prevalent health complaints of primary care patients and in the community. According to a recent review, about 25% of adults are dissatisfied with their sleep, 10-15% report that their sleep disturbances are associated with negative daytime consequences (e.g. fatigue, low energy), and 6-10% meet criteria for insomnia [1] . Sleep complaints increase with age and they are twice as prevalent in women compared to men [1] . Sleep disturbances are associated with a high rate of medical and mental disorders. The 2002 National Health Interview Survey revealed a 12-month prevalence rate of insomnia or trouble sleeping of 17.4% [2] . Strong positive association between sleep disturbances and common medical conditions were found: 15% increase of obesity, 32% increase of hypertension, 124% increase of congestive heart failure and a 5.64 fold increased likelihood of anxiety or depression. Another recent community-based sample of 3282 men and women aged 18 to 65 years reported a 21.4% prevalence for insomnia [3] . Persons with medical diseases had a 2.2 fold higher likelihood for insomnia as compared to healthy persons. Specifically, the odds ratios (OR) of insomnia were higher in people with heart disease OR 1.6, hypertension OR 1.5, and diabetes OR 1.4 [3] . The prevalence of insomnia increased with the number of medical disorders. Important to note, the associations of insomnia with medical diseases were independent from the findings in polysomnographic measurements [3] .
Inflammatory processes are assumed to represent an important biological mechanism linking poor sleep to cardiovascular disease [4, 5] . Although experimental studies clearly indicated that sleep deprivation and insomnia can increase inflammatory processes, the relationships of sleep with inflammation remain far from being settled [4] . A large community based study found no consistent association of sleep disturbance with the inflammatory marker of C-reactive protein [4] . However, poorer self-reported sleep quality was associated with C-reactive protein and fibrinogen levels in a claim sample of n = 340 individuals undergoing in-home polysomnographic monitoring [6] . In a population based sample of n = 188 persons (aged 52 to 70 years) a trend toward higher Creactive protein was found in individuals who need longer than 30 minutes to fall asleep [7] .
Despite their significant burden for the patient and the health care system, sleep disturbances often remain unrecognized and untreated because of barriers to assessment and management. Patients and physicians do not regard sleep disturbances as a disorder that needs to be treated [8] . Therefore a recent study examined, whether a single question could be used as an adequate screener for identifying complaints of sleep disturbances [9] . It was found that this sleep disturbance item from the depression module of the Patient Health Questionnaire showed promise as a screener for sleep problems in primary care.
Therefore the aims of the present study were, 1) to examine associations of complaints of sleep disturbances with cardiovascular disease, related risk factors, and inflammation in the community and 2) to determine the contribution of complaints sleep disturbances to self-perceived physical health.
Methods

Ethics statement
Prior to enrolment participants signed written, informed consent. The study has been approved by the local Ethics Committee (Landesaerztekammer Rheinland-Pfalz, 837.020.07).
Study sample
We investigated cross-sectional data of the first n = 10.000 participants enrolled in the Gutenberg Health Study (GHS) from April 2007 to October 2008 [10] [11] [12] [13] . The GHS is a populationbased, prospective, observational single-center cohort study in the Rhein-Main-Region in western Mid-Germany [13] . The sample was drawn randomly from the local registry in the city of Mainz and the district of Mainz-Bingen. The sample was stratified 1:1 for gender and residence and in equal strata for decades of age. Inclusion criteria were age 35 to 74 years and written informed consent. Persons with insufficient knowledge of German language, or physical and mental inability to participate were excluded. The current response rate was 55.8%.
Measures
Sleep disturbances were assessed with the corresponding item #3 of the depression module of the Patient Health Questionnaire (PHQ-9) [14] : ''trouble falling or staying asleep, or sleeping too much''. Respondents rated severity of sleep disturbances on a 4 point Likert scale: ''Over the last 2 weeks, how often have you been bothered by any of the following problems?'' Not at all ( = 0), several days ( = 1), more than half the days ( = 2), nearly every day ( = 3). In the previous validation study the sleep disturbance item correlated strongly with the Insomnia Severity Index (r = 0.75) [9] .A cut-off score of 1 was recommended for the screening for sleep problems in primary care. The cut-off score of 1 yielded a sensitivity of 82.5% and specificity of 84.5% [9] . Clinically relevant sleep disorders were defined by sleep disturbances at least more than half the days over the last two weeks.
Anxiety was measured with the 2-item version of the GAD-7 [15] . A cut-off score of 3 or more detects current generalized anxiety disorder (GAD) with a sensitivity of 86% and a specificity of 83%, and it identifies any current anxiety disorder (GAD, panic disorder, social phobia, post-traumatic stress disorder) with a sensitivity of 65% and specificity of 88% [16] . Depression was measured with the two-item depression module of the Patient Health Questionnaire (PHQ-2). A cut-off score of 3 or more yielded a sensitivity of 79% and a specificity of 86% for any depressive disorder [15] .
2005). The self-perceived physical health status was assessed by the question ''How would you describe your current physical health status?'' (''very well = 1'', ''well = 2'', ''less well = 3'', ''badly = 4''). A binary variable impaired physical health status was denoted by recoding either ''less well'' or ''badly'' as impaired physical health status.
Computer-assisted Personal Interview
Medical history was assessed during the computer-assisted personal interview (e.g. medical history of coronary heart disease, myocardial infarction, stroke etc.). Cardiovascular risk factors were defined as follows: Smoking was dichotomized into non-smokers (never smoker and ex-smoker) and current smokers (occasional smoker, i.e. ,1 cigarette/day, and smoker, i.e. .1 cigarette/day). Unhealthy alcohol intake was defined as habitual alcohol intake of .20 gram/day for men and .10 gram/day for women. Obesity was defined as a body-mass index $30 kg/m 2 . Diabetes was defined in individuals with a definite diagnosis of diabetes by a physician or a blood glucose level of $126mg/dl in the baseline examination after an overnight fast of at least 8 hours or a blood glucose level of $200mg/dl after a fasting period ,8 hours. Dyslipidemia was defined as a definite diagnosis of dyslipidemia by a physician or an LDL/HDL-ratio of .3.5. Hypertension was diagnosed, if antihypertensive drugs were taken, or mean systolic blood pressure was $140 mmHg (diastolic blood pressure $90 mmHg) in the 2 nd and 3 rd standardized measurement after 8 and 11 minutes of rest. A positive family history of myocardial infarction (FH-MI) was defined as at least one myocardial infarction in a female first-degree relative of ,65 years or a male first-degree relative of ,60 years.
The socioeconomic status (SES) was defined according to Lampert's and Kroll's scores of SES with a range from 3 to 27 (3 indicates the lowest SES and 27 the highest SES) [17] .
Laboratory analysis
Serum lipid levels (total cholesterol, triglycerides, and highdensity lipoprotein cholesterol), plasma levels of C-reactive protein (CRP), fibrinogen and albumin levels were measured immediately after blood withdrawal by routine methods; low-density lipopro-tein cholesterol was calculated by the Friedewald formula. All other measurements were determined in plasma or serum stored immediately after blood withdrawal and centrifugation at 280uC until analysis. The measurements were done in a blinded fashion in a single batch. C-reactive protein, fibrinogen and albumin were used as markers of inflammation. C-reactive protein was dichotomized into with a cut-off of $3 mg/dl (according to other studies, e.g. [18] ).
Statistical analysis
Variables were reported as numbers/percentages, means (61.96 fold standard deviation) or medians (and interquartile ranges (25 th /75 th )) as appropriate. The sample characteristics were displayed stratified for severity of sleep disturbances. Differences in the levels of continuous variables and distribution of categorical variables were tested by the Jonckheere-Terpstra-Test and Cochran-Armitage Trend Test, respectively. Associations of sleep disturbances with cardiovascular disease, cardiovascular risk Table 1 characterizes the study sample stratified for severity of sleep disturbances. The majority of the participants were bothered by sleep disturbances at least several days over the last two weeks (64.6%), 9.7% were bothered more than half the days and 9.3% nearly every day. Concerning sociodemographics, increasing severity of sleep disturbances was associated with female sex, lower SES and lower likelihood of living in a partnership. Interestingly, sleep disturbances increased with age in women, but not in men. Sleep disturbances were associated with cardiovascular disease: Increasing severity of sleep disturbances was associated with a higher occurrence of coronary heart disease, myocardial infarction, peripheral arterial disease, dyslipidemia, obesity, clinically significant anxiety and depression as well as a poor physical health status, elevated levels of C-reactive protein and of fibrinogen.
Results
In the next step associations of the severity of sleep disturbances with cardiovascular disease, cardiovascular risk factors, health status and inflammation were analyzed by multivariate regression models. In the first model, adjusted for age and sex, severity of sleep disturbances was associated with CHD, myocardial infarction, heart failure, diabetes, dyslipidemia, and elevated C-reactive protein (Table 2) . Additional adjustment for SES, partnership, clinically significant depression and anxiety, current smoking, unhealthy alcohol intake, and obesity did not change the associations of severity of sleep disturbances with CHD, MI or dyslipidemia (Table 3) . However, the associations of sleep disturbances with heart failure, diabetes, elevated CRP and fibrinogen disappeared.
Severity of sleep disturbances was strongly associated with poor physical health even after multivariate adjustment (Table 4) .
Discussion
The main findings of our study were that 19% of the participants endorsed clinically significant complaints of sleep disturbances. Increasing severity of complaints of sleep disturbances was associated with an increased occurrence of cardiovascular risk factors and diseases, elevated levels of fibrinogen and CRP. Clinically significant anxiety and depression were most strongly correlated with the severity of self-rated sleep disturbances [1] . After multivariate adjustment robust associations with coronary heart disease, myocardial infarction and dyslipidemia remained. Complaints of sleep disturbances were strong and independent contributors to self-perceived poor physical health beyond depression and anxiety.
The occurrence of 19% clinically significant complaints of sleep disturbances in the sample corresponds to a weighted prevalence rate of 18.5% for the region Mainz-Bingen/Germany. This prevalence and the preponderance of female sex, single persons and lower socioeconomic status is in line with recent reviews [1, 19, 20] and surveys from other regions [21] [22] [23] . Even though, complaints of sleep disturbances were assessed by a single item, the definition is consistent with other classification approaches [24, 25] . Contrary to our expectations, a correlation of the severity of complaints of sleep disturbances with age was only found for women. It might be speculated that this difference is related to postmenopausal changes in women, which increase the likelihood for sleep disturbances [26] .
With respect to biomarkers of inflammation, levels of fibrinogen and CRP increased with the severity of sleep disturbances. However, after multivariable adjustment these associations disappeared. This is in line with a previous large scale cross sectional study of n = 8547 adults from Norway [4] , which also found no consistent associations between symptoms of insomnia and CRP. Our findings extend the study of Laugsand et al. (2012) [4] by showing the same inconsistency for fibrinogen. Following Laugsand et al. (2012) [4] we assume it is unlikely that elevated markers of inflammation such as CRP or fibrinogen are crucial factors linking insomnia with coronary heart disease. However, conclusions of this study as well as ours are limited due to reliance on self-reported symptoms of insomnia.
With respect to medical diseases our findings correspond to the previous literature, which described strong positive associations between sleep disturbances and the comorbidity with common medical conditions [1, 3, 25] . In accordance with a corresponding analysis of data from the Behavioral Risk Factor Surveillance System [25] , comprising n = 138201 individuals from the USA, we found robust dose-dependent associations of complaints of sleep disturbances with coronary heart disease, myocardial infarction and a measure of metabolic disorders (i.e. in our study Table 3 . Association of the severity of sleep disturbances with cardiovascular disease, metabolic disorders and inflammation. [25] ). Persons who suffered from sleep disturbances nearly every day as compared to good sleepers had a 60-70% increased likelihood for the occurrence of a medical history of coronary heart disease, myocardial infarction or dyslipidemia. The robust association of sleep disturbances with dyslipidemia is in line with several studies, showing that especially obstructive sleep apnea is associated with dyslipidemia [27, 28] . However, we assume that not only obstructive sleep apnea may account for this association, firstly because sleep apnea is far less prevalent in the community than primary insomnia and secondly because we have controlled for age and obesity, strong correlates of both sleep apnea syndrome and dyslipidemia. We assume that sleep disturbances may influence the lipid metabolism by several pathways. On the one hand, sleep disturbances are accompanied by unhealthy behavior such as stressful overeating, unhealthy diet and physical inactivity, which can contribute to the development of dyslipidemia [29] [30] [31] .
On the other hand, experimental and longitudinal studies suggested that poor sleep may directly increase total cholesterol by alterations in physiological mechanisms of lipid metabolism [5, 28, 30, 32] . Our findings suggest that complaints of sleep disturbances are a very important issue for patients and particularly for patients with cardiovascular disease. Given that self-reported symptoms of insomnia result in an at least moderately increased mortality of cardiovascular patients [33] , complaints of sleep disturbances should be a routine focus of concern for general practitioners. The necessity of routinely inquiring for quality of sleep is also supported by the strong and robust association of complaints sleep disturbances with self perceived physical health status [34] : Persons with sleep disturbances nearly every day have a 4.9 fold increased risk to rate their physical status as less good or badly as compared to good sleepers. Even after comprehensive adjustment for cardiovascular risk factors, depression, anxiety and medical disease burden their risk was still 3.8 fold increased.
The main limitation of our study is the use of one single item for determining complaints of sleep disturbances. Due to this limitation inferences about the specific nature of the sleep disturbances, e.g. Obstructive Sleep Apnea Syndrome, Restless Leg syndrome or primary insomnia, are not possible. Further, no objective measures of sleep (e.g. polysomnography) or sleep duration was available. However, previous studies showed that the associations of sleep disturbances with medical diseases were independent from the polysomnographic determination of specific sleep disorders [3] . As the history of CHD, MI and HF were based on the computer-assisted interview, we cannot preclude that this may have influenced the associations reported: Prevalence of CHD or MI might be underestimated due to underdiagnosis, or silent myocardial ischemia. Another important limitation pertains to the cross sectional approach of our study, which precludes any causal inferences about the underlying pathophysiological mechanisms linking sleep disturbances with cardiovascular disease. Previous research demonstrated a bidirectionality of these associations [5] . On the one hand, sleep disturbances are risk factors for the development and course of cardiovascular diseases [33, 35, 36] and mental disorders [1] . On the other hand, sleep disturbances may be directly related to mental disorders [1] , psychological consequences of severe medical diseases [37] or their physiological correlates such as sympathetic overactivity in heart failure [38] . However, our study was not designed to elucidate the underlying mechanisms but to determine the size of the problem in a large representative sample of Germany.
In conclusion, there was a high rate of complaints about sleep disturbances in the general population. Complaints of sleep disturbances were strongly and robustly associated with coronary heart disease, myocardial infarction and dyslipidemia. Sleep disturbances had a strong and robust impact on self-perceived Table 4 . Association of sleep disturbances with self rated poor physical health. health after adjustment for depression, anxiety and medical disease burden. Given the strong impact of poor sleep on self-perceived health and its detrimental health effects increased efforts should be undertaken for the identification and treatment of sleep disturbances [1, 39] . The single question about sleep disturbances from the PHQ depression module constitutes an easy applicable tool for the identification of clinically relevant sleep disturbances. Thus, our findings might stimulate the use of this item in addition to the PHQ screening items for depression and anxiety.
